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$OWKRXJK LW KDV EHHQ NQRZQ IRU D ZKLOH WKDW FOLPDWHUHODWHG IDFWRUV DFFRXQW IRU WKH SHUIRUPDQFH
GHYHORSPHQWRILQIUDVWUXFWXUHLWUHPDLQVGLIILFXOWWRHVWLPDWHWKHHIIHFWRIWKHDQWLFLSDWHGFOLPDWHFKDQJH
0DQ\VWXGLHVDUHUHVWULFWHGWRDPRUHJHQHUDODQGTXDOLWDWLYHDQDO\VLVRISRVVLEOHFOLPDWHLQGXFHGHIIHFWV
RQ LQIUDVWUXFWXUH SHUIRUPDQFH ZKLFK FDQ EH PDLQO\ WUDFHG EDFN WR WKH XQFHUWDLQ DQG JOREDO FOLPDWH
PRGHOVXQGHUO\LQJWKHDQDO\VLV/HYLlNDQJDVHWDO(QHLHWDO3DSDQLNRODXHWDO%OHVHW
DO  +RZHYHU VLQFH FOLPDWH IDFWRUV GLIIHU YHU\ PXFK EHWZHHQ JHRJUDSKLFDO ORFDWLRQV LW FDQ EH
H[SHFWHGWKDWWKHFOLPDWHFKDQJHHIIHFWVGLIIHUDVZHOODFURVVUHJLRQV7KHUHIRUHPRUHGHWDLOHGDQDO\VLVRI
WKHSDUWLFXODUQHWZRUN LV UHTXLUHG WREHDEOH WRGHFLGHRQQHFHVVLW\DQGDSSURSULDWHQHVVRI LQWHUYHQWLRQ
PHDVXUHV ,Q DGGLWLRQ IRUPDQ\ LQIUDVWUXFWXUHPDQDJHUV FOLPDWH FKDQJH DSSHDUV DV DQXQFHUWDLQ IXWXUH
HYHQWZKLFKLVKDUGO\WRWUDQVODWHLQWRGD\WRGD\GHFLVLRQV1DWLRQDODGDSWDWLRQSURJUDPVRI(80HPEHU
6WDWHV WKH86&DQDGD1HZ=HDODQGDQG WKHWKDVVHVVPHQW UHSRUWRI WKH ,QWHUJRYHUQPHQWDO3DQHORQ
&OLPDWH&KDQJH,3&&SURYLGHRQO\LQGLFDWLYHPHDVXUHVDQGJOREDOILHOGVRIDFWLRQ7KXVWKHUHLVDQHHG
IRUPRUHVWXGLHVDGGUHVVLQJORFDOFOLPDWHFRQGLWLRQVDQGLQIUDVWUXFWXUHSHFXOLDULWLHV(QHLHWDOLQ
RUGHU WR DVVLVW LQIUDVWUXFWXUHPDQDJHUV LQ DQVZHULQJ WKH TXHVWLRQZKHWKHU WKH\ VKRXOGZRUU\ DERXW WKH
SHUIRUPDQFHRIWKHLULQIUDVWUXFWXUHLQWKHOLJKWRIDFKDQJLQJFOLPDWH
7KLV SDSHU UHSRUWV RQ WKH ILUVW UHVXOWV RI D UHVHDUFK SURMHFW DLPLQJ DW WKH LPSURYHPHQW RI WKH
PDLQWHQDQFH UHKDELOLWDWLRQ DQG UHQRYDWLRQ GHFLVLRQ PDNLQJ DW SXEOLF DJHQFLHV E\ LQWHJUDWLQJ WKUHH





$OWKRXJK WKHUHDUHPDQ\XQFHUWDLQWLHVFRQFHUQLQJ WKHGHJUHHRIFOLPDWHFKDQJH LQ WKHZRUOGDQG LWV
FRQVHTXHQFHVRQDOOQDWXUDODQGKXPDQV\VWHPVPRVWVFLHQWLVWVDUHFRQYLQFHGWKDWFRQWLQXHGJUHHQKRXVH







 WKH VHD OHYHO DORQJ WKH 'XWFK FRDVW KDV EHHQ VXEMHFW WR DQ DXWRQRPRXV ULVH RI DERXW  FP SHU







 WKH DYHUDJH JOREDO WHPSHUDWXUH ZLOO DOPRVW FHUWDLQO\ LQFUHDVH IXUWKHU ±& LQ  \HDUV WKLV
LQFUHDVH LV DOVR H[SHFWHG IRU WKH1HWKHUODQGV WKH IUHTXHQF\RI GU\ DQG H[WUHPHO\ZDUP VXPPHUV
VXFK DV WKDW RI  ZLOO LQFUHDVH WKH SUREDELOLW\ RI H[WUHPHO\ FROG ZLQWHUV ZLOO GHFUHDVH 7KH
FKDQFHRIGURXJKWGXULQJWKHVXPPHULVH[SHFWHGWRLQFUHDVH
 DQLQFUHDVHLQWKHDYHUDJHSUHFLSLWDWLRQDQGH[WUHPHUDLQIDOOLVH[SHFWHGWKURXJKRXWWKHZRUOGEXWWKH
UHJLRQDO GLVWULEXWLRQ LV VWLOO KLJKO\ XQFHUWDLQ LQ WKH 1HWKHUODQGV WKHUH LV OLNHO\ PRUH SUHFLSLWDWLRQ
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GXULQJ WKH ZLQWHU DQG VXPPHUV ZLOO EH GULHU WKHUH ZLOO EH DQ LQFUHDVLQJ SUREDELOLW\ RI H[WUHPH
UDLQIDOOZLWKORFDOIORRGV
 D IXUWKHU ULVH LQ WHPSHUDWXUH LV KLJKO\ OLNHO\ WR OHDG WR DPRUH UDSLG ULVH LQ VHD OHYHO DQG JUHDWHU
G\QDPLFV LQ ULYHU GLVFKDUJHV PRUH WKDQ QRZ7RZDUGV WKH HQGRI WKLV FHQWXU\ WKH VHD OHYHOZLOO
KDYHULVHQE\±FP7KLVZLGHUDQJHLVLQGLFDWLYHRIWKHGHJUHHRIXQFHUWDLQW\WKDWVWLOOH[LVWV
5HFHQWUHVHDUFKSRLQWVWRDULVHWKDWOLHVPRUHWRZDUGVWKHXSSHUOLPLWRIWKLVUDQJHRUHYHQSRVVLEO\
DERYH WKLV 7KH FKDQFHV RI IORRGV ZLOO OLNHO\ LQFUHDVH IXUWKHU GXH WR DQ H[SHFWHG LQFUHDVH LQ WKH
QXPEHURIHSLVRGHVRIH[WUHPHUDLQ%UHVVHUHWDO







ZLWK WKH VWDWH RI NQRZOHGJH DW WKDW WLPH 7KH FRQFOXVLRQ ZDV WKDW WKHUH LV QR UHDVRQ WR FKDQJH WKH
.10,¶ VFHQDULRV ,PSRUWDQW FKDQJHV VLQFH WKH LQWURGXFWLRQ RI WKH.10, ¶ VFHQDULRV LQFOXGH WKH
REVHUYHGUDSLGZDUPLQJRIWKH1HWKHUODQGVDQG:HVWHUQ(XURSHWKHREVHUYHGUDSLGGHFUHDVHRIODUJHLFH
VKHHWV RQ:HVW$QWDUFWLFD DQG*UHHQODQG DQG QHZ UHVHDUFK RQ SUHFLSLWDWLRQ SDWWHUQV RQ WKH ORFDO DQG














PRGHV DQG LQIUDVWUXFWXUH SHUIRUPDQFH DUH YHU\ GLIIHUHQW DQG FDQ¶W EH XQLTXHO\ GHILQHG0RUHRYHU WKH
LPSDFW RI FOLPDWH IDFWRUV GLIIHUV YHU\ PXFK EHWZHHQ JHRJUDSKLFDO ORFDWLRQV DQG WKH OHYHO RI WKH
LQIUDVWUXFWXUHGHYHORSPHQW$FRPSDUDWLYHVWXG\RI&KLQRZVN\HWDORQWKHLPSDFWRISUHGLFWHG
WHPSHUDWXUH DQG SUHFLSLWDWLRQ FKDQJHV RQ URDG LQIUDVWUXFWXUH LQ GHYHORSLQJ DQG GHYHORSHG FRXQWULHV
LOOXVWUDWHVWKDWWKHSUHVVXUHIRUGHYHORSLQJFRXQWULHVWRWUDQVIHUDVLJQLILFDQWDPRXQWRIDQQXDOH[SHQGLWXUH
WRRIIVHWWKHHIIHFWVRIFOLPDWHFKDQJHVRQURDGLQIUDVWUXFWXUHZLOOEHJUHDWHUWKDQIRUGHYHORSHGFRXQWULHV
'XLQPHLMHUDQG%RXZNQHJW KDYHGRQH UHVHDUFKRQ UDLO LQIUDVWUXFWXUH IDLOXUHVGXH WRDGYHUVH
ZHDWKHUFRQGLWLRQVLQWKH1HWKHUODQGVLQ\HDU,WDSSHDUVWKDWDSSUR[LPDWHO\RIDOOIDLOXUHV
DUHZHDWKHU UHODWHG0RVW RI WKHZHDWKHUUHODWHG IDLOXUHV DUH FDXVHGE\ KLJK WHPSHUDWXUHV LFLQJ VWRUP
DQGOLJKWQLQJ.RHWVHDQG5LHWYHOG
7KH VWXG\ RI 'REQH\ HW DO  VKRZV WKDW LQFUHDVHG LQFLGHQWV RI UDLO EXFNOHV RQ WKH 8. UDLOZD\
QHWZRUN DUH DVVRFLDWHGZLWK H[WUHPH KLJK WHPSHUDWXUHV 7KH\ FRQFOXGH WKDW DQ LQFUHDVHG IUHTXHQF\ RI
KLJKWHPSHUDWXUHJUHDWHUWKDQ&RFFXUUHQFHZLOOLQFUHDVHWUDFNEXFNOLQJDQGWKHDVVRFLDWHGFRVWVRI






7KH PDLQ JRDO RI FOLPDWH FKDQJH LPSDFW DVVHVVPHQW LV WR GHWHUPLQH WKH UHODWLRQVKLSV EHWZHHQ WKH
LQWHQVLW\RIDJLYHQPHWHRURORJLFDOSDUDPHWHUDQG LQIUDVWUXFWXUHSHUIRUPDQFHSDUDPHWHUV HJREVHUYHG
GLVUXSWLRQ DQG DFFLGHQW UDWHV 7KLV DOVR LQYROYHV WKH LGHQWLILFDWLRQ RI NH\ WKUHVKROGV ZKHUH SUREOHPV
RFFXU
7R IXOO\ XQGHUVWDQG WKH LPSDFW RI FOLPDWH FKDQJH LW LV DOVRYHU\ LPSRUWDQW WR WKLQN DERXW WKH IXWXUH
WUDQVSRUW QHWZRUN DV KRZ LW ZLOO ORRN OLNH LQ  \HDUV¶ WLPH 7KH UDQJH RI FOLPDWH FKDQJH LPSDFWV
SULPDULO\GHSHQGVRQWKHYXOQHUDELOLW\RIWKHQHWZRUNZKLFKKDVEHHQFKDQJLQJGXULQJODVW\HDUV,WLV
H[SHFWHG WKDW ZLWK DQ LQFUHDVH LQ SRSXODWLRQ WUDIILF GHQVLW\ DQG YHKLFOH GHYHORSPHQW WKH QHWZRUN
EHFRPHVPRUHDQGPRUHYXOQHUDEOH-DURV]HZVNLHWDO
7DEOH5HODWLRQVKLSEHWZHHQFOLPDWHHIIHFWVDQGUDLOZD\LQIUDVWUXFWXUH



























































&OLPDWH KDV D VWURQJ HIIHFW RQ WKH SHUIRUPDQFH RI UDLOZD\ QHWZRUNV DQG LW LV H[SHFWHG WKDW WKLV
LQIOXHQFH ZLOO EH HYHQ VWURQJHU ZLWK WKH DQWLFLSDWHG FOLPDWH FKDQJH +RZHYHU WKH LPSDFW RI FOLPDWH















,Q RUGHU WR LQFUHDVH WKH SUDFWLFDO UHOHYDQFH RI WKH UHVHDUFK WKH SURMHFW WDVNV DUH GHYHORSHG LQ FORVH














SHUIRUPDQFH DQG FOLPDWH GDWD IRU WKH VHFWLRQV LV HVWDEOLVKHG LQ RUGHU WR SUHGLFW WKH LPSDFW RI FOLPDWH
FKDQJH RQ UDLOZD\ SHUIRUPDQFH ,W LV LQYHVWLJDWHG WR ZKLFK H[WHQG WKH SHUIRUPDQFH RI WKH SDUWLFXODU
VHFWLRQZLOO EH DIIHFWHG E\ FOLPDWH FKDQJH LQ WKH IXWXUH ,Q7KH UHVXOWV RI WKH DQDO\VLVZLOO EH XVHG WR
LGHQWLI\ULVNVYXOQHUDELOLWLHVRIWKHUDLOZD\VHFWLRQ7KHULVNVZLOOEHFODVVLILHGDQGSULRULWLVHGLQRUGHUWR
GHYHORS VFHQDULRV IRU WKH HIIHFW RI FKDQJHGZHDWKHU FRQGLWLRQV RQ UDLOZD\ LQIUDVWUXFWXUH SHUIRUPDQFH
7KHULVNVZLOOEHTXDQWLILHGDQGWKHFRVWVRIDQLQWHUYHQWLRQVWUDWHJ\ZLWKRXWDGDSWLRQWRFOLPDWHFKDQJH




)RU WKH VHOHFWHG WUDFNV YDULRXVGDWDVHWV KDYHEHHQDQDO\VHG IRU WKHSHULRG7KHZHDWKHU
HYHQWV DUH FDWHJRUL]HG LQ OLJKWQLQJ VOLSSHU\ UDLOV GXH WR IDOOHQ OHDYHV KHDW UDLQ VWRUP DQG ZLQWHU
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FRQGLWLRQV$ILUVWDQDO\VLVRIWKHGDWDVHWVVKRZHGWKDWWKHPRVWZHDWKHUUHODWHGLQFLGHQWVRFFXUUHGGXULQJ
ZLQWHUEXWDOVRGXULQJVXPPHUZKHQZDUPWHPSHUDWXUHVDUHLQYROYHG)LJXUH7KHDQDO\VLVSURYLGHG
EHORZ LV WKHUHIRUH OLPLWHG WR ZLQWHU DQG VXPPHU UHODWHG LQFLGHQWV 7KH GDWD RQ WKH ZHDWKHUUHODWHG
LQFLGHQWV ZHUH FRPELQHG ZLWK ZHDWKHU GDWD IRU WKH SHULRG  ZKLFK ZHUH REWDLQHG IURP WKH
GDWDEDVHRIWKH.10,5R\DO'XWFK0HWHRURORJLFDO,QVWLWXWH
&OLPDWH FKDQJH VFHQDULR GDWD XVHG LQ WKLV VWXG\ DUH DOVR WDNHQ IURP.10, 7LPH VHULHV RI
WHPSHUDWXUH DUH JHQHUDWHG E\ WUDQVIRUPLQJ D WLPH VHULHV RI WHPSHUDWXUH XVLQJ D SURJUDP ZKLFK LV








DQG IRU WKH SHULRG  WKH QXPEHU RI LQFLGHQWV DQG GHOD\ PLQXWHV ZHUH DQDO\VHG ZKHUH RQH
ORFDWLRQDSSHDUHGWREHPRVWSUREOHPDWLF3UR5DLOJHRFRGHLQWKHOHQJWKRINPLQWKH$PVWHUGDP













LV LPSRUWDQW WR QRWH WKDW WKHPDMRULW\ RI WKH LQFLGHQWV XVXDOO\ KDSSHQHG DW WKH EHJLQQLQJ RIZLQWHU RU
ZKHQWKHILUVWVQRZIHOO




8QGHU IXWXUH FOLPDWH WKH QXPEHURI LQFLGHQWVZLOO GHFUHDVH LQZLQWHUWLPH )LJXUH7KLV LV WKHGLUHFW
UHVXOWRIWKHLQFUHDVHRIWHPSHUDWXUHLQZLQWHUWLPHDVFDQEHVHHQIURP)LJXUH,QWKH:VFHQDULRWKH













7KH VDPH DQDO\VLV DV DERYH LV SUHVHQWHG IRU FRQGLWLRQV ZKHUH WKH UDLOZD\ H[SHULHQFHG SUREOHPV
EHFDXVHRIKHDW7KHSUREOHPVVHHPWREHODUJHVWDWWKHWUDFNEHWZHHQ8WUHFKWDQG5RWWHUGDP7KH+DJXH
DQG WKHUHIRUH WKH PHWHRURORJLFDO VWDWLRQ RI &DEDXZ ZDV VHOHFWHG DV FORVHVW IRU WKH FRPSDULVRQ RI
KLVWRULFDOGDWDDERXWZHDWKHUDQGUDLOZD\SHUIRUPDQFH7KHQXPEHURILQFLGHQWVIRUWHPSHUDWXUHLQWHUYDOV
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$OWKRXJK LW KDV EHHQ NQRZQ IRU D ZKLOH WKDW FOLPDWHUHODWHG IDFWRUV DFFRXQW IRU WKH SHUIRUPDQFH
GHYHORSPHQWRILQIUDVWUXFWXUHLWUHPDLQVGLIILFXOWIRULQIUDVWUXFWXUHPDQDJHUVWRHVWLPDWHWKHHIIHFWRIWKH
DQWLFLSDWHG FOLPDWH FKDQJH RQ LQIUDVWUXFWXUH DQG WKH FRQVHTXHQFHV IRU WKHLU GDLO\ GHFLVLRQPDNLQJ ,Q
RWKHU ZRUGV WKHPDLQ TXHVWLRQ LV LI LQIUDVWUXFWXUHPDQDJHUV VKRXOGZRUU\ DERXW FOLPDWH FKDQJH 6LQFH
ZHDWKHUFRQGLWLRQVGLIIHUYHU\PXFKEHWZHHQJHRJUDSKLFDOORFDWLRQVLWFDQEHH[SHFWHGWKDWDFKDQJHRI
WKHVH FRQGLWLRQV ZLOO KDYH ORFDOO\ GLIIHUHQW HIIHFWV DV ZHOO DQG WKHUHIRUH D GHWDLOHG DQDO\VLV RI WKH
SDUWLFXODU QHWZRUN LV UHTXLUHG ,Q WKLV SDSHU GDWD DERXW WKH DFWXDO LQIUDVWUXFWXUH SHUIRUPDQFH RI WZR
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DUH SURMHFWHG IRU IRXU .10, FOLPDWH VFHQDULRV WR SUHGLFW IXWXUH LQFLGHQW QXPEHUV WKH WHPSHUDWXUH LV
DERXW WR ULVH IRU WKHSHULRG WR)RU WKH WZRUDLOZD\ WUDFNVXQGHU LQYHVWLJDWLRQ WKDWPHDQVDQ
RSSRVLWHHIIHFWRQWKHH[SHFWHGQXPEHURILQFLGHQWV,QZLQWHUWLPHWKHQXPEHURILQFLGHQWVZLOOGHFUHDVH
ZLWKDQLQFUHDVHLQZLQWHUWHPSHUDWXUHDQGSUREDEOHGHFUHDVHLQVQRZIDOO,WFDQEHFRQFOXGHGWKDWVLQFH





ORRN DW WKH IDLOXUH PHFKDQLVPV ZLOO KHOS WKH LQIUDVWUXFWXUH PDQDJHU WR GHFLGH RQ FRVWHIIHFWLYH
LQWHUYHQWLRQVWRLQFUHDVHWKHFOLPDWHUREXVWQHVVRIWKHUDLOZD\QHWZRUN
$FNQRZOHGJHPHQWV
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
(QHL5&'ROO6.OXJ,3DUW]VFK16HGODFHN-.LHO11HVWHURYD/5XG]LNDLWH$3DSDQLNRODRX	90LWVDNLV
³9XOQHUDELOLW\RIWUDQVSRUWV\VWHPV0DLQUHSRUW7UDQVSRUW6HFWRU9XOQHUDELOLWLHV´ZLWKLQWKHUHVHDUFKSURMHFW:($7+(5
:HDWKHU([WUHPHV,PSDFWVRQ7UDQVSRUW6\VWHPVDQG+D]DUGVIRU(XURSHDQ5HJLRQVIXQGHGXQGHUWKHWKIUDPHZRUN
SURJUDPRIWKH(XURSHDQ&RPPLVVLRQ3URMHFWFRRUGLQDWRU)UDXQKRIHU,6,.DUOVUXKH

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